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Fish is an important source of amino acids 
and proteins for a large part of the world’s popu-
lation and its consumption reaches 117 million 
tonnes, the global seafood consumption topping 
at 17.2 kg per capita in 2009 [1]. In addition, ma-
rine fish provide important constituents for the 
human diet, such as lipid-soluble vitamins, micro-
elements and polyunsaturated fatty acids (PUFA). 
In general, marine fish contain small amounts of 
linoleic acid (C18:2, n-6) and linolenic acid (C18:3, 
n-3), and large amounts of eicosapentanoic acid 
(EPA, C20:5, n-3) and docosahexaenoic acid 
(DHA, C22:6, n-3). Omega-3-PUFA are essential 
for normal human growth and development, and 
may play an important role in the prevention and 
treatment of cardiovascular and cerebrovascular 
diseases, hypertension, arthritis as well as other 
inflammatory and autoimmune disorders, and can-
cer [2]. It is known that EPA protects cardiovascu-
lar health by regulating activities involved in the 
metabolism of plasma lipids, the aggregation of 
platelets and the process of blood coagulation [3]. 
On the other hand, DHA plays an important role 
in neural function and high intakes were found to 
inversely correlate with the relative risk of Alzhei-
mer’s disease [4]. According to the Food and Nu-
trition Board, the consumption of omega-3 fatty 
acids in amounts up to (but not exceeding) 3 g per 
day is beneficial [5].
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Summary
Fatty acid composition was asssessed for yellowfin tuna (Thunnus albacares) and sardine (Sardina pilchardus) canned 
in three different ways (brine, sunflower oil, olive oil) and subjected to two different sterilization treatments: retort-
ing (as conventional treatment) and high pressure thermal sterilization (HPTS) (as alternative treatment). Impact of 
treatments on the fatty acid profile of the whole product was evaluated, particularly on the polyunsaturated fatty acids 
(PUFA) fraction since it is more susceptible to oxidation. Treatments were applied at pilot scale and the threshold for 
the sterilization factor was 7 min. HPTS treatment did not significantly affect the fatty acid profile of both canned tuna 
in brine and tuna in sunflower oil as compared with retorting. However, significant differences (p < 0.05) were observed 
in sardine in olive oil, where total PUFA content and the sum of eicosapentanoic acid and docosahexaenoic acid were 
nearly half in samples treated by HPTS. This work provides novel information on the impact of the combination of 
thermal treatment and high pressure as compared with classical retorting. Nevertheless, further investigation focused 
on the role of the prooxidants and antioxidants balance is necessary to confirm the oxidative effect of HPTS on PUFA 
content in oily fish species.
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(HPTS) may be an alternative to retort process-
ing. In HPTS, a combination of pressures equal 
or higher than 600 MPa and temperatures approx. 
90–121 °C is applied. These conditions facilitate 
the implementation of rapid, mainly uniform 
heating allowing sterilization of the food product 
but reducing the negative effects associated with 
the traditional thermal sterilization [10]. Several 
studies conducted on seafood using high pressure 
processing have concluded that this technology 
may be applied to these products to extend their 
shelf life [11]. However, it has also been found that 
the application of high pressure to certain foods 
such as meat and meat-like systems may lead to 
increased rates of lipid oxidation during subse-
quent aerobic storage of the food product [12]. 
As mentioned above, due to the high content of 
PUFA, lipids in fish are more susceptible to oxida-
tion and, for this reason, changes induced by pres-
sure may be significant. According to ANGSUPAN-
ICH and LEDWARD [13], pressures above 400 MPa 
can accelerate lipid oxidation due to the release of 
free metal ions, while pressures of 600 MPa and 
800 MPa markedly enhanced lipid oxidation. This 
subject has been recently revised by MEDINA-ME-
ZA et al. [14].
The aim of the present study was to investigate 
the impact of retort sterilization (conventional 
treatment) and high pressure + high temperature 
(alternative treatment) on the fatty acid composi-
tion of two species of marine fish (tuna and sar-
dine) canned in three different ways (in brine, in 
sunflower oil and in olive oil).
MATERIAL AND METHODS
Sample preparation
Yellowfin tuna (Thunnus albacares) from Pa-
cific Ocean, and sardine (Sardina pilchardus) 
from Mediterranean Sea were used for this study. 
Loins of tuna were frozen and stored at –18 °C for 
10–12 weeks before processing. Fresh small whole 
sardines were rapidly frozen and stored at –18 °C 
for 10–12 weeks before processing. 
Samples were defrosted before processing and 
canned in 425 ml circular tin can coated with lac-
quers containing phenolic epoxy, epoxy and or-
ganosol (100 mm diameter). Recipes for the dif-
ferent canned fish are shown in Tab. 1. Tuna in 
brine was composed of raw pieces of yellowfin 
tuna put in brine. Tuna in sunflower oil was com-
posed of pre-cooked pieces of yellowfin tuna put 
in sunflower oil. Sardine in olive oil was composed 
of headed/gutted small sardines put in olive oil. 
Manu facturing processes for the production of 
species, individual, the catching season and the 
fishing ground, being influenced by environmental 
conditions and geographical effects [6, 7]. In addi-
tion, fatty acid composition may be conditioned by 
processing, which specifically regards PUFA con-
tent, since PUFA are especially susceptible to de-
terioration by oxidation and hydrolysis because of 
their high degree of unsaturation [8].
Tuna and sardine represent a large percent-
age of the total amount of marine fish captured. 
An important part of their capture is destined for 
making preserves, being canned in oils, in brine 
and in various sauces. Canning in particular is 
the most important way to preserve fish since 
this packing allows pasteurization and steriliza-
tion to ensure the stability of the product by de-
vitalizing microorganisms. In the food industry, 
the common process used to achieve a sterile 
product is retort sterilization. This conventional 
treatment is associated with the application of 
high temperature for an extended period of time, 
thus guaranteeing appropriate devitalization of 
microorganisms but with the possibility of induc-
ing deterioration of product quality. Furthermore, 
the food can be adversely affected in other ways 
resulting in undesirable sensorial and nutritional 
changes and specifically loss of heat-sensitive nu-
trients [9]. Particularly, PUFA are prone to oxida-
tion under high temperatures, which may decrease 
the final quality of the product.
Over the past few years, some technologies 
have emerged, which have a potential to improve 
traditional thermal processing characteristics. 
Among them, high pressure thermal sterilization 
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Quantities are given for a 425 ml metal can.
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tuna in brine and tuna in sunflower oil were simi-
lar, but that for tuna in oil included two additional 
steps, namely, cooking and cooling. Cooking was 
necessary to eliminate the water present in the 
flesh and to avoid formation of water-oil mixture 
in the final product. The cans were vacuum-sealed 
and subjected to retort sterilization and high pres-
sure thermal sterilisation.
Retort sterilization treatment
Canned fish samples were sterilized 
(F0 = 7 min) in a retort at 116 °C for 60 min. 
Three separate batches of tuna and sardine were 
processed as collected in different seasons in or-
der to estimate the variability in the process and to 
take into account possible variations of the com-
position of the fish associated with the seasonality 
of the raw material collection. Batch 1 was collect-
ed in November 2011, batch 2 in November 2012 
and batch 3 in January 2013.
High pressure thermal sterilization treatment
HPTS treatment for canned fish samples was 
done as previously described by SEVENICH et al. 
[15]. Briefly, a high pressure unit U111 (Unipress, 
Warsaw, Poland), a laboratory-scale system, 
was used for the treatment of the samples. The 
temperature and time conditions selected for 
the treatment were 115 °C and 28 min of dwell 
time at 600 MPa, which represented an F0 value 
equivalent to conventional retorting of fish cans 
in the fish industry (7 min). Samples for high pres-
sure treatment (Batch 4) were collected in Decem-
ber 2013. 
Extraction and determination of fatty acids profile
Processed samples were lyophilized before li-
pid extraction. Brine was removed before lyophi-
lization, but the total content of tuna in sunflower 
oil and tuna in olive oil, including both fish and 
oil, was jointly lyophilized and analysed. Following 
grinding, lipid fraction of samples was extracted 
with chloroform/methanol [16]. Free fatty acid 
content in lipid extracts was determined by the 
Lowry and Tinsley method [17]. The determina-
tion of fatty acids profile in the extracted lipids 
was conducted by analysis of fatty acid methyl 
esters (FAME). FAME were prepared by base-ca-
talysed transmethylation of the extracted lipids 
using 2 mol·l-1 KOH in methanol as described by 
IUPAC [18, 19].
Gas chromatography
FAME were analysed on a HP-6890 gas chro-
matograph (Hewlett Packard, Avondale, Penn-
sylvania, USA) equipped with a flame ionization 
detector (FID). FAME were separated using HP 
Innowax capillary column (30 m × 0.25 mm inter-
nal diameter, 0.25 μm film thickness). The tem-
perature programme used was: 180 °C for 2 min, 
followed by 3 °C·min-1 to an upper temperature of 
230 °C and held there for 20 min. The tempera-
tures of the injector and detector were held at 
250 °C. Hydrogen was the carrier gas at a flow rate 
of 1 ml·min-1 with a split ratio of 1 : 40. Indivi dual 
fatty acids were identified on the basis of their 
retention times as compared to appropriate stan-
dards. 
Polyene index assessment
The polyene index (PI) was calculated as the 
following fatty acid ratio [20]: 
PI = (CC20:5 + CC22:6)/CC16:0  (1)
where CC20:5 is the content of C20:5, CC22:6 is 
the content of C22:6 and CC16:0 is the content of 
C16:0.
Statistical analysis
Statistical analyses were performed using 
Statgraphics Centurion XV (Herndon, Virginia, 
USA). Data were expressed as mean ± standard 
deviation. Values were calculated for each variable 
measured. Statistical confidence was given by 
Student’s t-test at a 95% confidence level, there-
fore differences were considered to be signi ficant 
at p < 0.05.
RESULTS AND DISCUSSION
In the present study, three canned fish 
products were selected for evaluating their fatty 
acids profile: tuna in brine, tuna in sunflower oil 
and sardine in olive oil. These products were se-
lected because they are representative of the Eu-
ropean market. Nutrient content per 100 grams of 
each food model is presented in Tab. 2. Samples 
were subjected to classical retorting and HPTS as 
a novel technique. The fatty acid composition in 
each sample after these two processes was com-
pared. Due to this selection of food models, it was 
possible to observe different compositions and 
variations because of species (tuna and sardine in 
vegetable oils) and toppings (tuna in brine/tuna in 
oil).
The major difficulty encountered in canned 
fish production is the seasonality of the raw mate-
rial. This is due to the variation of the composition 
of the fish throughout the year. This phenomenon 
is observed in all species but it is more significant 
for fat fish during the spawning period or migra-
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174
tions. Variations of composition mainly affect wa-
ter and fat fractions, since these components may 
represent approx. 80% of the composition of the 
flesh. Water and fat compensate for each other 
and involve variation of the composition and tech-
nological properties of the food product. To take 
into account possible variations related to season-
ality, different batches of both tuna and sardine 
collected in different seasons were produced and 
an average of the results observed was calculated 
in this study. Following the extraction of lipids in 
canned fish samples, content of free fatty acids 
was determined and values as low as 0.4–0.6% 
were found. 
Tab. 3 shows the fatty acid methyl ester pro-
files found, obtained after transmethylation of the 
extracted lipids using 2 mol·l-1 KOH in methanol, 
the values being expressed as percentages of total 
fatty acid methyl esters. In the samples of canned 
tuna in brine, seventeen fatty acid methyl esters 
were identified. The global profile was similar to 
the levels given for fresh tuna by Tables of Food 
composition [21]. 
The major fatty acids were C16:0; C18:0; C18:1, 
n-9; EPA (C20:5, n-3) and DHA (C22:6, n-3). 
These fatty acids accounted for approx. 80% of 
total fatty acids. Similar profiles were reported in 
studies on other tuna species [22, 23] or bonito [7]. 
The major saturated fatty acid was palmitic acid 
(C16:0), content of which varied from 15.9% to 
16.9% after high pressure and retort sterilization, 
respectively. These values were in line with those 
found by MOREIRA et al. [24] and MAIA et al. [25] 
in several species of farm and freshwater fishes. 
Content of stearic acid (C18:0) ranged from 5.9% 
(high pressure) to 8.5% (retorting). These values 
Tab. 2. Nutrient content 
per 100 grams of each food model.
Nutrients TB TSO SOO
Energy [kcal] 121 180 190
Energy [kJ] 506 752 794
Protein [g] 26.1 25 21.7
Lipid [g] 1.9 10.8 12.9
Carbohydrates [g] 0 0 0
Sodium [mg] 400 290 300
Vitamin C [mg] 0 0 0
TB – tuna in brine, TSO – tuna in sunflower oil, SOO – sar-
dines in olive oil.
Tab. 3. Fatty acid methyl ester composition of lipids extracted from canned fish samples 
subjected to retorting and high pressure thermal sterilization treatment.
FAME [%]
Tuna in brine Tuna in sunflower oil Sardines in olive oil
Retort HPTS Retort HPTS Retort HPTS
C14:0 1.4 ± 0.4 1.5 ± 0.1 0.1 ± 0.0 0.1 ± 0.0 1.5 ± 0.2 1.4 ± 0.0
C15:0 0.7 ± 0.2 0.5 ± 0.0 0.0 ±0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0
C16:0 16.9 ± 2.9 15.9 ± 0.2 4.8 ± 0.2 5.1 ± 0.4 13.4 ± 0.3 13.2 ± 0.0
C16:1, n-7 3.2 ± 1.1 2.9 ± 0.5 0.1 ± 0.0 0.2 ± 0.1 2.3 ± 0.4 1.9 ± 0.0
C17:0 1.1 ± 0.2 1.3 ± 0.2 0.0 ± 0.0 0.0 ± 0.0 0.2 ± 0.1 0.2 ± 0.0
C17:1, n-9 0.7 ± 0.2 0.7 ± 0.0 0.0 ± 0.0 0.1 ± 0.0 0.2 ± 0.0 0.2 ± 0.0
C18:0 8.5 ± 2.3 5.9 ± 0.1 3.7 ± 0.0 2.1 ± 2.3 3.5 ± 0.2 3.4 ± 0.0
C18:1, n-9 23.9 ± 6.1 28.9 ± 0.2 55.9 ± 2.0 59.9 ± 2.5 60.6 ± 1.4 a 65.8 ± 0.1 b
C18:2, n-6 4.1 ± 4.0 4.4 ± 0.3 33.8 ± 1.8 30.9 ± 1.3 4.8 ± 0.8 5.6 ± 0.0
C18:3, n-3 0.3 ± 0.0 0.3 ± 0.0 0.2 ± 0.0 0.1 ± 0.0 0.7 ± 0.2 0.8 ± 0.0
C18:4, n-3 0.5 ± 0.0 nd – – – –
C20:1, n-9 1.3 ± 1.1 2.8 ± 0.0 0.2 ± 0.0 0.3 ± 0.1 1.5 ± 0.1 1.4 ± 0.0
C22:1, n-11 0.7 ± 0.0 nd nd 0.1 ± 0.1 nd 1.5 ± 0.0
C20:4, n-6 2.3 ± 0.3 nd – – 0.2 ± 0.0 nd
C20:5, n-3 3.7 ± 1.6 4.5 ± 0.1 0.6 ± 0.3 0.1 ± 0.1 2.6 ± 0.5 1.7 ± 0.0
C22:5, n-3 1.4 ± 0.4 nd 0.3 ± 0.1 nd 0.4 ± 0.2 nd
C22:6, n-3 22.8 ± 7.3 21.7 ± 0.1 0.2 ± 0.0 0.5 ± 0.1 3.8 ± 0.6 a 1.6 ± 0.1 b
Results are mean ± standard deviation. For retorted samples, values are the mean of the analysis of three different batches. For 
samples treated by high pressure, values are means of three different analyses of the same batch. 
Different letters in the same canned fish sample mean significant differences among the treatments (p < 0.05)
FAME – fatty acid methyl esters (percentage of total FAME is given), HPTS – high pressure thermal sterilization, nd – not detected.
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were similar to those described for marine spe-
cies and Brazilian fishes [24, 26], and higher than 
2.1% reported by MENDEZ et al. [27] for fishes 
from Río de la Plata. The rest of the satu rated 
fatty acids (C14:0, C17:0 and C15:0) were present 
in minor quantities. Among the monounsaturated 
fatty acids (MUFA), oleic acid (C18:1) was found 
to be the major constituent (23.9% and 28.9% in 
samples treated by retort and high pressure, re-
spectively) in a similar way to the results presented 
by several authors for different freshwater fishes 
[23, 24, 26, 27]. Concerning PUFA, the princi-
pal components were EPA (3.7–4.5%) and DHA 
(21.7–2.8%), in a higher proportion when com-
pared with other marine species [28]. Similar re-
sults were observed in farmed and wild specimens 
of tuna, where the sum of these fatty acids reached 
approx. 19% and 22%, respectively [23]. Accord-
ing to RAVICHANDRAN et al. [29], lipids of marine 
fishes are characterized by higher levels of DHA 
in comparison with EPA, which agrees with the 
results observed in the samples of canned tuna in 
brine. 
In Tab. 4, fatty acid composition is summa-
rized, according to the degree of unsaturation, in 
groups of saturated, monounsaturated and poly-
unsaturated fatty acids, and specifically n-3 PUFA, 
i.e., EPA and DHA. The application of HPTS, 
when compared with conventional heating, did not 
significantly affect the lipid profile of canned tuna 
in brine. The minor differences observed between 
treatments could be attributed to variability 
among batches, which might have included differ-
ent species and seasonality. Thus, samples subject-
ed to retorting presented higher variability since 
they were obtained from three different batches. 
Data expressed as polyene index did not show sig-
nificant differences in these samples.
In the samples of canned tuna in sunflower oil, 
fifteen fatty acids were identified (Tab. 3). As ex-
pected, the profile of fatty acids was conditioned 
by the composition of oil since the content of the 
can was taken as a whole. It is known that the 
major fatty acid in sunflower oil is linoleic acid 
(C18:2) (~62%), followed by oleic acid (C18:1) 
(~25%) [21]. The highest contents were observed 
for C18:1 (55.9% and 59.9% in samples treated by 
retorting and high pressure, respectively), which 
reflected the contribution of both the sunflower 
oil and tuna lipids. Linoleic acid was the second 
major fatty acid, ranging from 30.9% to 33.8%, 
whereas the rest of fatty acids, with the exception 
of C16:0 and C18:0, were found in very small pro-
portions. Due to the high contents of C18:1 and 
C18:2 in these samples, the proportion of EPA 
and DHA (approx. 1%) was lower than that found 
in tuna in brine. Again, no significant differences 
were found between fatty acids in the samples 
subjected to the different treatments and hence 
the sterilization method apparently did not affect 
the profile of fatty acids in tuna in sunflower oil. 
Polyene index, therefore, did not show significant 
differences (Tab. 4).
The composition of fatty acids of sardine in 
olive oil was also conditioned by the fatty acid 
composition of the vegetable oil. In these samples, 
fifteen fatty acids were identified (Tab. 3), the pro-
file of fatty acids being similar to that previously 
shown for sardines canned in olive oil [30]. Olive 
oil is characterized by a high content of oleic acid 
(C18:1) (~69%), followed by important propor-
tions of C16:0 (~12%) and C18:2 (~10%) [21]. 
These proportions were very close to those found 
in samples of sardine in olive oil. Oleic acid re-
presented ~60% of total fatty acids in the retorted 
batches, whereas high pressure treated samples 
Tab. 4. Summary of the fatty acid methyl ester (FAME) composition and polyene index of lipids extracted from 
canned fish samples subjected to retorting and high pressure thermal sterilization (HPTS) treatment.
FAME [%]
Tuna in brine Tuna in sunflower oil Sardines in olive oil
Retort HPTS Retort HPTS Retort HPTS
SFA 26.4 ± 7.7 25.2 ± 0.2 8.6 ± 0.2 a 7.3 ± 1.8 b 18.8 ± 0.4 18.3 ± 0.0
MUFA 29.4 ± 5.6 35.3 ± 0.3 56.3 ± 2.0 60.6 ± 2.8 64.6 ± 1.3 a 70.8 ± 0.1 b
PUFA 34.9 ± 6.8 31.0 ± 0.2 35.0 ± 2.0 31.6 ± 1.0 12.6 ± 1.2 a 9.7 ± 0.0 b
EPA + DHA 26.5 ± 8.8 26.3 ± 0.1 0.5 ± 0.4 0.6 ± 0.2 6.5 ± 0.6 a 3.3 ± 0.1 b
Polyene index 1.6 ± 0.6 1.6 ± 0.0 0.2 ± 0.0 0.1 ± 0.0 0.5 ± 0.0 a 0.2 ± 0.0 b
Results are mean ± standard deviation. For retorted samples, values are the mean of the analysis of three different batches. For 
samples treated by high pressure, values are means of three different analyses of the same batch.
Different letters in the same canned fish sample mean significant differences among the treatments (p < 0.05).
FAME – fatty acid methyl esters (percentage of total FAME is given), HPTS – high pressure thermal sterilization, SFA – saturated 
fatty acids, MUFA – monounsaturated fatty acids, PUFA – polyunsaturated fatty acids, EPA – eicosapentanoic acid, DHA – 
docosahexaenoic acid.
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showed a significantly higher content (65.8%). Re-
garding the proportions of C16:0 and C18:2, the 
percentages ranged between 13.2% and 13.4%, 
and between 4.8% and 5.6%, respectively. Values 
for EPA and DHA, characteristic of marine fish, 
varied from 3.3% to 6.5%. Small differences were 
observed among the different batches in retorted 
samples, which agreed with the observations of 
BADOLATO et al. [31], who indicated that, although 
lipid levels in sardines can vary with seasonality, 
the fatty acids profile did not significantly change. 
Significant differences were observed in the total 
PUFA content and also in the sum of EPA and 
DHA when sardine subjected to the different 
steri lization treatments were compared. In this re-
gard, samples treated by HPTS showed the lowest 
content and, consequently, the MUFA proportion 
in this latter group of samples was significantly 
higher when compared with retorted sardine. 
Polyene index also showed significant differences 
between treatments (p < 0.05), being the high 
pressure + high temperature treated samples, 
which denotes the higher lipid alteration (Tab. 4).
The literature data regarding the effect 
of high pressure treatment on lipid oxidation 
are controversial [14] and especially the po-
tential consequences of the novel combina-
tion of high pressure + heat treatment are not 
evaluated in a way as they are in the present 
study. ANGSUPANICH and LEDWARD [13] observed 
changes in lipid oxidation in cod muscle treated 
by pressure above 400 MPa, whereas no effects 
were observed at 200 MPa. Conversely, CHEVA-
LIER et al. [32] reported that the oxidative stability 
of lipids in turbot (Scophthalmus maximus) muscle 
was particularly affected beyond 180 MPa. Pro-
nounced effects were observed in mackerel muscle 
lipids after high pressure treatments, attributed to 
intrinsic components of muscle that can enhance 
lipid oxidation [33]. In fact, high pressure may in-
duce denaturation of heme proteins in muscle, 
which facilitates a higher exposure to the catalyti-
cal heme group [34] and to the iron ions released 
to the medium [35]. It is well known that certain 
metal ions may play an important role in promot-
ing autoxidation of lipids in pressurized fish meat 
[36].
As mentioned above, lower proportions of 
PUFA were also observed in samples of tuna in 
brine and tuna in sunflower oil treated by high 
pressure as compared with their counterpart re-
torted samples, although such differences were 
only significant in sardine canned in olive oil. Mi-
neral composition was previously found higher in 
canned sardine than in canned tuna, including iron 
content [21], which might have promoted lipid oxi-
dation in high pressure-treated sardine and justify 
why these significant effects were not observed in 
the tuna samples. Anyway, many other factors may 
have contributed to the results obtained, such as 
the variability among the batches and possible dif-
ferences in the content of prooxidants and antioxi-
dants.
CONCLUSIONS
In this paper, the fatty acid composition of 
yellowfin tuna (Thunnus albacares) and sardine 
(Sardina pilchardus) canned in three different ways 
(in brine, in sunflower oil and in olive oil) and sub-
jected to two different sterilization treatments (re-
tort heating, as conventional treatment, and high 
pressure thermal sterilization, as alternative treat-
ment) was investigated. Tuna subjected to retort 
sterilization and HPTS presented similar fatty acid 
profiles, and no significant differences were ob-
served in EPA and DHA contents, which are the 
fatty acids most susceptible to deterioration by 
oxidation due to their high degree of unsaturation. 
However, significant differences were found in 
sardine canned in olive oil, where total PUFA con-
tent and the sum of EPA and DHA were lower in 
samples treated by HPTS (p < 0.05). These results 
suggest that combination of high pressure + high 
temperature could promote lipid oxidation. This 
fact may be explained by the higher mineral con-
tent of canned sardine in comparison with canned 
tuna, which during HPTS treatment may promote 
lipid degradation. Nevertheless, further investiga-
tion with other oily fish species canned with re-
fined vegetable oils is required to confirm the po-
tential oxidative effect of HPTS on EPA + DHA 
contents.
Acknowledgements
This research was funded by EU-FP7-265558 
PROMETHEUS project.
REFERENCES
 1. The state of world fisheries and aquaculture 2010. 
Rome : Food and Agriculture Organization of the 
United Nations, 2010. ISBN 978-92-5-106675-1. 
<http://www.fao.org/docrep/013/i1820e/i1820e.pdf>
 2. Simopoulos, A. P.: Omega-3 fatty acids in health 
and disease and growth and development. American 
Journal of Clinical Nutrition, 54, 2001, pp. 438–463. 
<http://ajcn.nutrition.org/content/54/3/438.full.
pdf+html>
 3. Leaf, A. – Kang, J. X.: Omega-3 fatty acids and 
cardiovascular disease. In: Simopoulos, A. P. – 
 Fatty acids profile in canned fish after sterilization
 177
Pavlou, K. N. (Ed.): Nutrition and fitness: Diet, 
genes, physical activity and health. World Review 
of Nutrition and Dietetics. Vol. 89. Basel : Karger, 
2001, pp. 161–172. DOI: 10.1159/000059783.
 4. Morris, M. C. – Evans, D. A. – Bienias, J. L. – 
Tangney, C. C. – Bennett, D. A. – Wilson, R. S. – 
Aggarwal, N. – Schneider, J.: Consumption of fish 
and n-3 fatty acids and risk of incident Alzheimer 




 5. Dietary reference intakes for energy carbohydrate, 
fiber, fat, fatty acids, cholesterol, protein, and amino 
acids. Washington, D.C. : The National Academies 
Press, 2002. ISBN 978-0-309-08525-0.
 6. Varela, G. – Pérez, M. – Ruiz-Roso, B.: Composition 
of fat from fish, due to seasonality and industrial and 
culinary processing. Bibliotheca Nutritio et Dieta, 
46, 1990, pp. 104–109.
 7. Saito, H. – Ishihara, K. – Murase, T.: The fatty 
acid composition in Tuna (Bonito, Euthynnus 
pelamis) caught at three different localities from 
tropics to temperate. Journal of the Science of 
Food and Agriculture, 73, 1997, pp. 53–59. DOI: 
10.1002/(SICI)1097-0010(199701)73:1<53::AID-
JSFA707>3.0.CO;2-5.
 8. Gunstone, F. D. – Norris, F. P. (Ed.): Lipids in 
foods. New York : Pergamon Press, 1983. ISBN: 
0080254993, ISBN: 9780080254999.
 9. Awuah, G. B. – Ramaswamy, H. S. – Economides, A.: 
Thermal processing and quality: Principles and over-
view. Chemical Engineering and Processing, 46, 
2007, pp. 584–602. DOI: 10.1016/j.cep.2006.08.004.
 10. Hogan, E. – Kelly, A. L. – Sun, D. W: High pressure 
processing of foods: an overview. In: Sun, D. W. 
(Ed.): Emerging technologies for food processing. 
California : Elsevier Academic Press, 2005, pp. 3–31. 
ISBN: 978-0-12-411479-1.
 11. Lakshmanan, R. – Piggott, J. R. – Paterson, A.: 
Potential applications of high pressure for improve-
ment in salmon quality. Trends in Food Science and 
Technology, 14, 2003, pp. 354–363. DOI: 10.1016/
S0924-2244(03)00121-3.
 12. Cheah, P. B. – Ledward, D. A.: Catalytic mechanism 
of lipid oxidation following high pressure treatment 
in pork fat and meat. Journal of Food Science, 62, 
1997, pp. 1135–1139. DOI: 10.1111/j.1365-2621.1997.
tb12229.x.
 13. Angsupanich, K. – Ledward, D. A.: High pressure 
treatment effects on cod (Gadus morhua) muscle. 
Food Chemistry, 63, 1998, pp. 39–50. DOI: 10.1016/
S0308-8146(97)00234-3.
 14. Medina-Meza, I. G. – Barnaba, C. – Barbosa-
Cánovas, G. V.: Effects of high pressure process-
ing on lipid oxidation: A review. Innovative Food 
Science and Emerging Technologies, 22, 2014, 
pp. 1–10. DOI: 10.1016/j.ifset.2013.10.012.
 15. Sevenich, R. – Bark, F. – Crews, C. – Anderson, W. – 
Pye, C. – Riddellova, K. – Hradecky, J. – Morav-
cova, E. – Reineke, K. – Knorr, D.: Effect of 
high pressure thermal sterilization on the forma-
tion of food processing contaminants. Innovative 
Food Science and Emerging Technologies, 20, 2013, 
pp. 42–50. DOI: 10.1016/j.ifset.2013.07.006.
 16. OECD guidelines for testing chemicals: Proposal 
for updating guideline 305. Bioconcentration: 




 17. Lowry, R. – Tinsley, I.: Rapid colorimetric determi-
nation of free fatty acids. Journal of the American 
Oil Chemists‘ Society, 53, 1976, pp. 470–472.
 18. IUPAC Method 2.301. Preparation of the fatty acid 
methyl esters. In: Standard methods for the analysis 
of oils, fats and derivatives. Oxford : Pergamon, 
1992.
 19. IUPAC Method 2.302. Gas–liquid chromatography 
of fatty acid methyl esters. In: Standard Methods for 
the Analysis of Oils, Fats and Derivatives. Oxford : 
Pergamon, 1992. 
 20. Lubis, Z. – Buckle, K. A.: Rancidity and lipid oxida-
tion of dried-salted sardines. International Journal of 
Food Science and Technology, 25, 1990, pp. 295–303. 
DOI: 10.1111/j.1365-2621.1990.tb01085.x.
 21. Moreiras, O. – Carbajal, A. – Cabrera, L. – 
Cuadrado, C. (Ed.): Tablas de composición de ali-
mentos. Madrid : Grupo Anaya Comercial, 2013. 
ISBN: 8436823915, ISBN: 9788436823912.
 22. Aubourg, S. – Gallardo, J. M. – Medina, I.: Changes 
in lipids during different sterilizing conditions in can-
ning albacore (Thunnus alalunga) in oil. International 
Journal of Food Science and Technology, 32, 1997, 
pp. 427–431. DOI: 10.1046/j.1365-2621.1997.00131.x.
 23. Popovic, N. T. – Kozacinski, L. – Strunjak-Pero vic, I. – 
Coz-Rakovac, R. – Jadan, M. – Cvrtila-Fleck, Z. – 
Barisic, J.: Fatty acid and proximate composition of 
bluefin tuna (Thunnus thynnus) muscle with regard 
to plasma lipids. Aquaculture Research, 43, 2012, 
pp. 722–729. DOI: 10.1111/j.1365-2109.2011.02880.x.
 24. Moreira, A. B. – Visentainer, J. V. – de Souza, N. E. – 
Matsushita, M.: Fatty acids profile and cholesterol 
contents of three Brazilian Brycon freshwater fishes. 
Journal of Food Composition and Analysis, 14, 2001, 
pp. 565–574. DOI: 10.1006/jfca.2001.1025.
 25. Maia, E. L. – Rodriguez-Amaya, D. B. – Hotta, L. K.: 
Fatty acids composition of the total, neutral and 
phospholipids of pondraised Brazilian Piaractus 
me so potamicus. International Journal of Food 
Science and Technology, 30, 1995, pp. 591–597. DOI: 
10.1111/j.1365-2621.1995.tb01407.x.
 26. Romero, N. – Robert, P. – Masson, L. – Luck, C. – 
Buschmann, L.: Composition in fatty acid and contri-
bution of cholesterol of jurel, sardine, salmon and tuna 
in natural fish canned. Archivos Latinoamericanos 
de Nutrición, 46, 1996, pp. 75–77.
 27. Mendez, E. – Gonzalez, R. M. – Inocente, G. – 
Grudice, H. – Grompone, M. A.: Lipid content and 
fatty acid composition of fillets of six fishes from 
the rio de la Plata. Journal of Food Composition 
and Analysis, 9, 1996, pp. 163–170. DOI: 10.1006/
jfca.1996.0023.
 28. Andrade, A. D. – Rubira, A. F. – Matsushita, M. – 
Mesías, M. et al. J. Food Nutr. Res., 2015, pp. 171–178
178
Souza, N. E.: Omega-3 fatty acids in freshwater 
fish from south Brazil. Journal of the American Oil 
Chemists’ Society, 72, 1995, pp. 1207–1210.
 29. Ravichandran, S. – Sharmila, J. F. R. – Kanaga-
lakshmi, R. – Ramya, M. S.: Variation in nutritive 
composition of two commercially important marine 
fin fishes. International Journal of Zoological 
Research, 8, 2012, pp. 43–51. DOI: 10.3923/
ijzr.2012.43.51.
 30. Ruiz-Roso, B. – Cuesta, I. – Pérez, M. – Borrego, E. – 
Pérez-Olleros, L. – Varela, G.: Lipid composition 
and palatability of canned sardines – Influence of the 
canning process and storage in olive oil for five years. 
Journal of the Science of Food and Agriculture, 
77, 1998, pp. 244–250. DOI: 10.1002/(SICI)1097-
0010(199806)77:2<244::AID-JSFA34>3.0.CO;2-B.
 31. Badolato, E. S. G. – Carvalho, J. B. – Amaral 
Mello, M. R. P. – Tavares, M. – Campos, N. C. – 
Aued-Pimentel, S. – Morais, C.: Composição cen-
tesimal, de ácidos graxos e valor calórico de cinco 
espécies de peixes marinhos nas diferentes estações 
do ano. Revista do Instituto Adolfo Lutz, 54, 1994, 
pp. 27–35.
 32. Chevalier, D. – Le Bail, A. – Ghoul, M.: Effects of 
high pressure treatment (100–200 MPa) at low tem-
perature on turbot (Scophthalmus maximus) muscle. 
Food Research International, 34, 2001, pp. 425–429. 
DOI: 10.1016/S0963-9969(00)00187-3.
 33. Ohshima, T. – Nakahaga, T. – Koizumi, C.: Effect 
of high pressure on the enzymatic degradation of 
phospholipids in fish muscle during storage. In: 
Bligh, E. (Ed.): Seafood science and tech nology. 
Oxford : New Books, 1992. ISBN: 0852381735, 
ISBN: 9780852381731.
 34. Wada, S. – Ogawa, Y.: High pressure effects on fish 
lipid degradation: myoglobin change and water hold-
ing capacity. Progress in Biotechnology, 13, 1996, 
pp. 351–356. DOI: 10.1016/S0921-0423(06)80059-6.
 35. Akoh, C. C. – Min, D. B. (Ed.): Food lipids: Chemistry, 
nutrition, and biotechnology. Boca Raton : CRC 
Press, 2008. ISBN: 9781420046632.
 36. Ohshima, T. – Ushio, H. – Koizumi, C.: High-pressure 
processing of fish and fish products. Trends in Food 
Science and Technology, 4, 1993, pp. 370–375. DOI: 
10.1016/0924-2244(93)90019-7.
Received 2 November 2014; revised 23 January 2015; 
accepted 26 January 2015; published online 16 April 2015.
